Samples of raw sewage, primary effluent, and secondary effluent from a large activated-sludge purification plant near Melbourne (Victoria, Australia) were collected every second week for 1 year. Viruses were detected in all secondary effluent samples and in six of seven samples obtained after final chlorination. Adenoviruses (85% reduction) and reoviruses (28% reduction) were removed less efficiently by this treatment process than were enteroviruses (93% reduction). In addition, 57 of 171 samples of effluent tested were positive for either adenoviruses or reoviruses, or both, when enteroviruses were not isolated. This clearly shows that the use of enteroviruses as sole indicators of viruses in water may miss up to one-third of instances of viral contamination. Enteroviruses and adenoviruses were isolated most frequently in HeLa-R cell cultures, whereas reoviruses were most often isolated in primary monkey kidney cells.
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In many parts of Australia the average annual rainfall is low, and there is a high loss of surface water due to evaporation. Surface water is also uneven and unreliable in distribution, and ground-water is often unpalatable, having a high level of dissolved solids. This means that supplies of water for domestic, agricultural, and industrial purposes are limited and, with increasing demand, will become difficult to maintain (4, 12, 22) . Already in large coastal cities water is piped from reservoirs over long distances at an escalating cost (4, 22) . Therefore, consideration is being given by some water supply authorities to the reuse of treated sewage effluent for carefully defined purposes to conserve pure water for domestic use. Clear evidence exists to incriminate hepatitis A virus in the etiology of waterborne outbreaks of disease (7, 8, 11, 31) , and there is now indication that viral gastroenteritis can be disseminated by the water route as a result of recent reports of Norwalk agent infection after consumption of sewage-contaminated oysters (9, 25) . Yet the part played by water in the epidemiology of other enteric infections is still speculative (23, 24) .
Whereas the source of drinking water supplies should be as remote as possible from sewage outlets, important questions for the future in Australia include definition of the agricultural and industrial purposes for which treated effluent can be safely utilized and the standards and degree of monitoring which should be ap- 
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plied to sewage effluent, surface water, and domestic water supplies. It is therefore important for public health planning that information be made available on the survival of human viruses after treatment of sewage and the role these viruses play in contamination of surface water.
Many studies have been reported from other countries (6, 15) Sewage and effluent samples. Samples (approximately 168 ml) of raw sewage, primary effluent, and secondary effluent were collected every second week and were taken from 24-h composite samples, which were held at 4°C while being accumulated under computer control weighted according to flow rate. For virus isolation each sample was collected into a sterile bottle containing 20 ml of 1OX-concentrated Eagle basal medium, 4 ml of fetal calf serum, 5 (29) ; and (vi) human embryo lung, a diploid cell strain prepared in our laboratory (21) .
Virus isolation. After filtration the samples were inoculated into 20 phials of each of the four different cell monolayers used for virus isolation, each sample requiring a total of 80 phials. Two different volumes (0.2 and 1.5 ml) were used, so that 10 phials of each cell type were inoculated with 0.2 ml and 10 were inoculated with 1.5 ml. In this way, 68 ml of the sample was assayed. Eagle basal maintenance medium with 15 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), 1.25 g of sodium bicarbonate per liter, 2% fetal calf serum, and antibiotics (60 pg of penicillin and 100 ug of streptomycin per ml) was added to the phials with 0.2 ml of inoculum to bring the volume up to 1.5 ml; the 1.5-ml inoculum was replaced with fresh maintenance medium after overnight incubation. All phials were incubated on roller drums at 34°C and examined microscopically every 3 to 4 days for at least 28 days. Phials showing evidence of viral cytopathic effect (CPE) were removed from the drums and stored at 4°C for subsequent confirmation and identification of virus. Medium in phials remaining on the drum was changed after each microscopic examination, except for monkey kidney cell culture phials, in which medium was changed once per week.
Confirmation and identification of virus isolates. Supernatant medium from cells showing apparent enteroviral CPE was passaged into phials of monkey kidney, buffalo green monkey, HeLa-R, Borrie, HEp-2, and human embryonic lung cells. This confirmed the presence of virus, whereas the range of cell types in which the isolate replicated, together with the time taken for CPE to appear, indicated the next procedure for identification.
Isolates behaving like polioviruses or coxsackievirus type B were typed by neutralization tests in microtiter plates, using a technique based on that described by Lennette and Schmidt (20) .
Microneutralization test. Appropriate cells, suspended in growth medium, were dispensed into flatbottomed wells of tissue culture microtiter plates (Disposable Products, Adelaide, South Australia), sealed, and incubated at 36°C until monolayers were almost confluent in 1 to 3 days. Antisera for use in this test were prepared in rabbits, using prototype viruses as antigens, and standardized to give 3 antibody units per 0.03 ml. Growth medium was removed from the microtiter plate by inversion and replaced by 0 on October 16, 2017 by guest http://aem.asm.org/ Downloaded from same type of enterovirus was being isolated, some were typed by immunoelectron microscopy with monospecific antiserum (1) .
In preliminary work before the commencement of this study, 86% of 116 adenoviruses isolated from effluent were typed by neutralization tests in cell culture phials (13) , but in the present work, confirmation of an adenovirus isolate was accepted by passage of typical CPE. Haemagglutination inhibition with antisera raised in rabbits against prototype viruses was used to type 88% of 478 reoviruses in the previous study, and initially reoviruses were passaged and typed by hemagglutination inhibition in this project. As the number of isolates built up and with increasing experience in recognizing reovirus CPE, confirmation of an isolate was made by passage and hemagglutination of group 0 human erythrocytes.
Calculation ofvirus concentration. Estimates of virus concentration have been determined by a mostprobable-number (MPN) formula: MPN = PI(NQ)'I' (5, 31) , where P is the total number of positive phials from all dilutions, N is the total volume in milliliters of the sample inoculated into all dilutions, and Q is the total volume in milliliters in all negative phials. By correcting for the initial dilution of the sample and multiplying by 1,000 [(200/168) x 1,000], the result can be expressed as infectious units (IU) per liter.
Some difficulties arise with this system. Calculation of the total virus concentration from isolations made in any one cell type, or a mean concentration calculated from all cell types, does not give a true picture of the viruses isolated, since sensitivity of cells to support replication of different viruses varies. The concentrations of enteroviruses, adenoviruses, and reoviruses were therefore calculated separately from whichever cell type yielded the greatest number of isolates of that virus in a particular sample. Thus, adenovirus concentrations were calculated from the number of phials of either HeLa or Borrie cells in which adenoviruses were isolated and reovirus concentrations were calculated from isolations made in either monkey kidney or buffalo green monkey cells (and Borrie cells for three samples). Enteroviruses were isolated in all cells, so that when enteroviruses and adenoviruses or enteroviruses and reoviruses were present in the same inoculum, we assumed that the rapidly cytopathic enteroviruses would have destroyed the cell sheet so early that these cells would not have been available for adenovirus or reovirus isolation. Therefore, the inoculum in phials showing enteroviral CPE was excluded from the total inoculum (N) for calculation of adenovirus or reovirus concentrations, whereas phials in which adenoviruses or reoviruses were isolated were counted as negative inoculum (Q) for determining enterovirus concentrations. The total virus concentration was found by addition of enterovirus, adenovirus, and reovirus concentrations for each sample. (Table 3) . The difference between these maximum and minimum levels was four times for enteroviruses, eight times for adenoviruses, and ten times for reoviruses. In the secondary effluent there was no consistent temporal variation in concentration for each virus group, and the difference between total concentrations, which peaked at 6:00 a.m. and was lowest at midday, was only twofold (Table 4) .
Detection of adenoviruses and reoviruses in the absence of enteroviruses. Adenoviruses and reoviruses were found on a number of occasions when enteroviruses could not be demonstrated. During the 2-week study in September 1977, when enterovirus concentrations were low after the expected seasonal pattern at the end of winter, five samples of primary effluent were positive for adenoviruses only, and two were positive for both adenoviruses and reoviruses when enteroviruses were not present. In the same period there were 13 samples of secondary effluent with adenoviruses, 5 with reoviruses, and 17 with both adenoviruses and reoviruses without enteroviruses being detected. Throughout the 12-month survey, adenoviruses alone were found in two samples of secondary effluent and reoviruses alone were found in three, whereas there were nine samples without enteroviruses in which both adenoviruses and reoviruses were detected. Adenoviruses alone were isolated in one of the seven samples of chlorinated secondary effluent. In all, 57 of 171 samples of effluent tested in this study were positive for either adenoviruses or reoviruses or both when enteroviruses were not isolated (Table 5).
Removal of viruses during sewage treatment. Adenoviruses and reoviruses were removed less efficiently than enteroviruses, both before and after chlorination of the secondary effluent, when mean concentrations for the 12 months were compared with the virus levels in raw sewage (Table 6 ). In this study the overall reduction of enteroviruses in the final effluent was 93%, whereas adenoviruses were reduced by 85% and reoviruses were reduced by 28%.
Viruses isolated. The actual numbers of viral isolations made during the whole study were 1,237 enteroviruses, 750 adenoviruses, and 1,258 reoviruses, a total of 3,245 ( epidemiological pattern followed by enteroviruses detected in the city's effluent (Table 8) showed that, after the polioviruses, coxsackievirus type B3 was most prevalent, followed by echovirus type 7. However, some echoviruses
have not yet been typed. To determine the relative usefulness of cell types included in this study, the numbers of viruses isolated from equal inocula in each of the four cell types were compared (Table 9) . During the 12 months, enteroviruses were isolated most frequently in HeLa-R cells, as were adenoviruses, whereas 64% of the reoviruses were isolated in primary monkey kidney cells.
Detection of adenovirus and reovirus was dependent on continuing observations of cell cultures over a lengthy period. By day 9 after inoculation, 95% of the enteroviruses isolated had produced CPE, whereas adenoviruses were detected between days 10 and 33, with 53% showing CPE by day 21. Reoviruses were detected between days 7 and 33 of incubation, 84% of them causing visible CPE by day 21 (Table  10) .
Since the concentration of each virus group has been calculated from isolations made only in cells giving the highest result in each sample, it is possible to assess the effect on virus concentration of omitting the cell lines in which the least number of isolations were made. Omitting buffalo green monkey cells would have resulted in lower concentrations for reoviruses in 11 (5.6%) of the total 197 samples and for enteroviruses in 3 (1.5%) samples. If Borrie cells had been excluded, enterovirus concentrations would have been less in 23 (11.7%) of the total samples, whereas adenovirus and reovirus levels would have been less in 4 (2.0%) and 3 (1.5%) samples, respectively. DISCUSSION Wide variations in raw sewage virus levels such as were found in our study have been noted in other surveys (16, 27) . The prevalence and persistence of enteroviruses in treated effluent has also been well documented (2, 3, 23) , but few studies have reported on the behavior of adenoviruses and reoviruses after wastewater treatment (14) . From observations made over a 12-month period, it appears that these viruses are more likely to survive conventional sewage treatment than enteroviruses. At the activatedsludge purification plant in our survey, adenoviruses and reoviruses were removed less efficiently and were present in a number of samples of treated effluent when enteroviruses could not be detected. The use of enteroviruses, which are more easily isolated, as indicators of viral contamination would therefore have the disadvantage that negative samples may still contain other enteric viruses. Consequently, more information is needed on the epidemiology of adenoviruses and reoviruses when assessing the importance of waterborn infections. This is especially so now that human rotavirus, a member of the Reoviridae family, has been detected in sewage (E. M. Smith and C. P. Gerba, Abstr. Div. Environ (17) . Cell culture phials, using appropri- ?-- 
